[1] We analyzed N 2 O isotopomer ratios (distribution of isotopes within N 2 O molecules) in the eastern tropical North Pacific. The N 2 O isotopomer ratios indicate the contribution of denitrification in the oxygen minimum zone (OMZ, $600 m in depth) in the western North Pacific, which is not consistent with the widely accepted nitrification hypothesis. Our models indicate that the N 2 O yield per mole O 2 consumed (dN 2 O/ÀdO 2 ) is 0.008 (0 -0.015) nmol/mmol during remineralization and nitrification in the western North Pacific. Nitrification in aerobic deep waters is a minor source of oceanic N 2 O, whereas the N 2 O production in the OMZ is the dominant factor for the oceanic N 2 O distribution. The denitrification in the OMZ is consistent with the correlation between DN 2 O (level above atmospheric equilibrium) and AOU (apparent oxygen utilization), and the parallel 18
Introduction
[2] Nitrous oxide (N 2 O) is an important greenhouse gas and also plays a role in the stratospheric ozone chemistry. The ocean contributes approximately 20 -30% of the total N 2 O to the atmosphere [Suntharalingam and Sarmiento, 2000, and references therein] . Although microbial nitrification and denitrification can produce N 2 O, there have been debates as to which process dominates the global oceanic N 2 O source. Nitrification is supported by the correlation between DN 2 O (level above atmospheric equilibrium) and AOU (apparent oxygen utilization) [Yoshinari, 1976] , and the parallel 18 O-enrichment in N 2 O and O 2 in the North Pacific [Kim and Craig, 1990] . However, the former evidence has recently been found to be ambiguous, because the slopes of the linear correlations between DN 2 O and AOU are strongly influenced by mixing gradients and are unreliable gauges for the biological N 2 O yield per mole O 2 consumed [Nevison et al., 2003] . In contrast, denitrification is supported by the low ratio of N 2 O to nitrate production during nitrification in 15 N-tracer experiments, which indicates that nitrification accounts for only one-tenth to one-fifth of the N 2 O dissolved in the western North Pacific [Yoshida et al., 1989] . Hence, the elucidation of the production processes and the contribution of mixing are essential for building a model for the oceanic N 2 O cycle and for the prediction of future emission variations. Therefore, the objectives of this research are to resolve the contribution of each production process and global ocean circulation to the distribution of N 2 O in the North Pacific, and to develop a reasonable explanation for the inconsistent evidence supporting the two opposing hypotheses.
[ [Popp et al., 2002] or the N 2 O production by nitrification under substrate (NH 4 + )-limited conditions [Toyoda et al., 2002] . We analyzed the isotopomer ratios of dissolved N 2 O in the eastern tropical North Pacific (ETNP), where denitrification plays an unequivocal role in N 2 O production and consumption [Yoshinari et al., 1997] . The high d
18
O and SP of N 2 O observed in the ETNP suggest the importance of denitrification in the OMZ in the western North Pacific, which led to the development of models for evaluating the role of denitrification in the distribution of N 2 O at Station KNOT (44°N, 155°W) (data are given by Toyoda et al. [2002] ).
Samples and Analytical Methods
[4] Water samples were collected at 16°N, 107°W in the ETNP (May -June 2000, R/V Revelle). Samples for N 2 O analysis were collected in 250-mL glass serum vials, preserved with HgCl 2 , and sealed with butyl rubber stoppers. Dissolved N 2 O was extracted by sparging the water samples [Toyoda et al., 2002] , and then separated from other sparged gases using a silicagel-packed pre-column (1/4 inch o.d., 150-cm long s.s. tube, 60/80 mesh, 70°C) and a PoroPLOT-Q analytical column (0.32 mm i.d., df = 10 mm, 25 m, Chrompack, 27°C.) by gas chromatography [Toyoda et al., 2005] . The concentration and isotopomer ratios of N 2 O were measured by continuous-flow isotope-ratio monitoring mass spectrometry [Yoshida and Toyoda, 2000] . The analytical precisions for samples containing more than 20 nmol kg À1 N 2 O were less than 1% (CV) for the concentration, and 0.2%, 0.4%, 0.6%, 0.4%, and 0.9% (1s) for the d 
Results and Discussion
[5] The measured and equilibrium concentrations of N 2 O, its isotopomer ratios, O 2 concentration, and N* in the ETNP are shown in Figures 1a and 1b (N [Yoshinari et al., 1997] . The data between 400 and 700 m in the ETNP (Figure 1b) [6] The N 2 O concentration maximum was located at 800 m (O 2 = 2.7 mmol kg À1 ) in the ETNP, whereas the maximum is located at 500 -600 m in the OMZ in the western North Pacific (see Figures 1a and 1c ) [Toyoda et al., 2002] 18 O = 38.5 ± 3%, and SP = 4 ± 4%) [Popp et al., 2002] . Thus, high d
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O and SP are attributed to the N 2 O reduction by denitrification. Considering oxygen levels higher than 1 mmol kg À1 at these maxima, N 2 O production dominates over N 2 O consumption . Thus, N 2 O may be produced by nitrification, and also produced and consumed by denitrification.
[7] At Station KNOT, in situ denitrification in the OMZ is indicated by the observed negative N* (Figure 1c ) and the possibility of nitrate consumption in the microzones of aggregates under aerobic conditions [Wolgast et al., 1998 ]. Li and Peng [2002] [8] Considering that the waters between 1500 m and the bottom are homogeneous on the isopycnal surface along the longitude and latitude (see P1 and P13 of eWOCE in the work by Schlitzer [2000] ), we developed one-dimensional, diffusion-advection models for the distribution of N 2 O. Production ratio of N 2 O during nitrification is constant at the oxygen levels above $6 mmol kg À1 and increases drastically as the oxygen concentration decreases [Jørgensen et al., 1984] . Thus, we assumed a constant ratio of N 2 O production to O 2 consumption (dN 2 O/ÀdO 2 ) during remineralization followed by nitrification in aerobic deep waters. Applying steady state conditions, we obtain equations for N 2 O and O 2 concentrations as follows:
where X and O are concentrations of N 2 O and O 2 , respectively, K is the eddy diffusion coefficient, V is the (1) and (2), and then integrating, the following equation (Model I: N 2 O-O 2 model) is obtained:
where the subscript z denotes in situ concentration, C 1 and C 2 are constants, and w is V/K (À1.1 Â 10 À3 m À1 : estimation from salinity using the diffusion-advection model of Munk [1966] ). Curve fitting of equation (3) to the observed data (991013 in the work by Toyoda et al. [2002] ) estimates the dN 2 O/ÀdO 2 value. The model can be applied only at the depths where dN 2 O/ÀdO 2 is constant. Thus, we used the data at 5279 m (the maximum depth) for linking C 1 with C 2 to fix the deepest point of the model in the plots of N 2 O vs. O 2 , and then estimated the range of the depths, where the model can be applied, at 1729-5279 m using curve fitting. The constants c and C 1 were determined to minimize the least squares within the depths.
[9] We also estimated dN 2 O/ÀdO 2 from the profiles of the N 2 O isotopomer ratios using the isotopomer mass balance equations for mixing of three sources of N 2 O. We first assumed that the dissolved N 2 O primarily originated from the three types of N 2 O: N 2 O produced under suboxic conditions (denoted as N 2 O subo ), N 2 O produced by nitrification in aerobic deep waters (denoted as N 2 O nit ), and N 2 O confined to the bottom waters, which were formed from preindustrial surface waters (denoted as N 2 O pre ) [Bange and Andreae, 1999] . The second assumption is that preindustrial surface waters were in equilibrium with the preindustrial troposphere and that the isotopomer ratios of N 2 O pre are equal to the ratios of the preindustrial tropospheric N 2 O. Then, the isotopomer mass balance equation for each isotopomer is described as follows: , respectively, by the equilibrium calculations [Weiss and Price, 1980; Weiss, 1970] , with the following condition: N 2 O in the preindustrial troposphere = 265 ppb [Flü ckiger et al., 2002] , potential temperature = 2°C, and salinity = 35% [Bange and Andreae, 1999] [Popp et al., 2002] . Moreover, the concentration of N 2 O subo is given as: C 3 + C 2 exp(wz). We fitted the isotopomer ratios calculated by equation (4) [11] Adopting the same procedure with model I, we obtain the correlation between N 2 O and nitrate concentrations as follows (Model III: N 2 O-nitrate model):
where s is the ratio of N 2 O to nitrate production during nitrification in aerobic deep waters (dN 2 O/dNO 3 À ), N z is the in situ nitrate concentration, and C 4 and C 5 are constants. Similar to Model I, we used the data at 5279 m for linking C 4 with C 5 , and determined the constants s and C 4 by curve fitting to minimize the least squares at the depth of 1729-5279 m.
[12] The values of dN 2 O/ÀdO 2 were estimated at 0.008 (0-0.03) and 0 -0.015 nmol/mmol on the basis of models I (Figure 2a ) and II (Figure 1d ), respectively. The value of dN 2 O/dNO 3 À was estimated at 0.07 (0 -0.4) nmol/mmol on the basis of model III. Then, the N 2 O concentrations of the model and the observations were plotted against N* (Figure 2b) . The standard deviations of the errors of nonlinear least squares [Laws, 1997] [Yoshida et al., 1989] (dN 2 O/dNO 3 À is 0.04-0.27 nmol/mmol at the depth of 0 -2000 m). The ratio of ÀdO 2 /dNO 3 À estimated by the best fit results of Model I and III (0.07/0.008 = 8.8 ) is equal to the traditional Redfield ratio (138/16 = 8.6) [Redfield, 1958] within the range of errors, which indicates that the remineralization ratios can be the ratios of P/N/C org /ÀO 2 /N 2 O = Figure 2a .). The model indicates that diffusion of N 2 O from the OMZ forms the correlation between DN 2 O and AOU. The curvilinear relationship between DN 2 O and AOU observed in the Pacific [Cohen and Gordon, 1979] is formed by upward advection as well as the increase of dN 2 O/ÀdO 2 , whereas the linear relationship in the Atlantic [Yoshinari, 1976] is attributed to the lack of advection (w % 0). The isotopomer ratios of the N 2 O diffused from 1729 m to the bottom were estimated at 11.4 ± 1.0% for d concentration maximum in the OMZ should be the result of the in situ denitrification. Our models indicate that the N 2 O production in the OMZ largely contributes to the oceanic N 2 O distribution, whereas the nitrification in aerobic deep waters less contributes to the distribution.
[14] Our models do not fit data obtained from the depths shallower than 1238 m (41.3 mmol kg À1 O 2 ). The probable reasons are as follows: (1) a change in the diffusion coefficient of the main thermocline, (2) enhancement of N 2 O production during nitrification under suboxic conditions, (3) N 2 O production in the OMZ by denitrification, and (4) the effect of lateral diffusion. A combination of these factors might account for the disagreement.
[15] In conclusion, the increases of the d 
